The objective of this article is to study the influence of exposure and socio-economic variables on the blood lead level of Malaysian school children. Data on respirable lead and blood lead of 346 school children were obtained from Kuala Lumpur (urban), Kemaman (semiurban) and Setiu (rural). Respirable lead and blood lead were highest for Kuala Lumpur (95 ng/m 3 and 5.26 &mu;g/dL) followed by Kemaman (27 ng/m3 and 2.81&mu;g/dL) and Setiu (15 ng/m 3 and 2.49 &mu;g/dL), and the differences were statistically significant. The percentage of school children with excessive blood lead of 10 &mu;g/dL or greater was 6.36 % overall, and highest for Kuala Lumpur (11.73 %). Regression analyses show that urban children are at higher risk of exhibiting excessive blood lead levels. Kuala Lumpur's school children have a 25 times greater risk of having excessive blood lead levels when compared to Kemaman's and Setiu's school children. Respirable and blood lead were correlated ( r =0.999, p =0.021).
Introduction
Lead is a well-known hematotoxic, neurotoxic and nephrotoxic agent in man. The move to limit and control the use of lead and its impending environmental dispersion and widespread human exposures is well under way in many countries. Here in Malaysia, one such move is the phasing out of leaded gasoline since the year 2000. However, the threat of low level lead exposure still remains, especially for children, as studies have
shown that blood lead level as low as 10 pg/dL may be associated with neurobehavioral and mental deficits'-3.
The sensitivity of children to lead exposure is explained by their 40 % higher lead absorption rate when compared to adults4, higher metabolism rate5, and immature blood-brain bar-rier6.
Studies on blood lead in Malaysia are still very limited. The earliest study on blood lead was done in 1982 by Lim et al' among Malay pregnant women which showed a statistically significant difference between the blood lead levels of urban women (17.3 pg/dL) and rural women (15.5 gg/dL). Another study among Malay women in 1995 found a blood lead level of 4.50 Jlg/dL8. The latest study in 1996 among urban and suburban pregnant women from the three main ethnic groups found a blood lead level of 7.71 JlGJdL9. Therefore, there seems to be a clear indication of a reduction in the blood lead of pregnant women from 1982 to 1996. This may be attributed to the gradual reduction in the lead content of gasoline over the years.
However, the implications of fetal lead exposure during pregnancy and subsequent environmental childhood exposures on the blood lead burden of Malaysian children remain uncertain. Until now, there is no published record on blood lead among children in Malaysia, although there are a few on-going studies at the time of this writing. A 1979 study by the Royal Commission on Environmental Pollution in the United Kingdom showed that blood lead levels in children increase between the age of one to four years reaching its peak at the age of three to four years 10. It then decreases gradually and seems to stabilize between the age of nine to 13 years. The objectives of this study are to compare the respirable atmospheric and blood lead levels of urban and rural areas of Malaysia, and to study the relative influence of exposure and socio-economic variables on the blood lead level of Malaysian school children.
Methodology
Three study areas were purposely selected based on an assumption of their status of atmospheric lead pollution. This assumption was made based on consultation with the Malaysian Department of Environment which operates fixed atmospheric monitoring sites throughout Malaysia. The three study areas selected were urban Kuala Lumpur (high lead pollution area), semi-urban Kemaman (moderate lead pollution area), and rural Setiu (low lead pollution area) in Terengganu. Through consultation with the local Education Departments, two schools were purposely selected in Kuala Lumpur, and one school each in Kemaman and Setiu.
The study sample comprises 346 primary school children of the Malay ethnic group, aged seven to 11 years old, selected through stratified random sampling (by classroom and sex) from the four primary schools in the three study areas. The sample does not include nine year old children. This is because the seven and eight year old children were also subjected to McCarthy IQ assessment while the ten and 11 year old children were subjected to neurobehavioral assessment as part of a bigger study to assess the health effects of lead.
Samples of respirable particulate (PM 10) were collected using a Minivol sampler with a 10 jim preselector manufactured by Airmetrics of Oregon, on Teflon coated silicon filter paper with 0.45 11m pore size. The filter paper was first digested with five ml of concentrated nitric acid with sonication for two hours, and subsequently with one ml of perchloric acid with heating at 65° C to 85° C. The digested solution was then analysed for lead using a GBC graphite furnace atomic absorption spectrometer (GFAAS).
Written consent was obtained from the parents for blood sampling of the school children from May to August 1997. Blood sampling was done using the finger prick method as described by Sinclair and Dohnt&dquo; . Blood lead was then analyzed using the GBC GFAAS.
Demographic information on the respondents like household income, father's education and mother's education were obtained through self-administered survey forms, sent home with the school children to be completed by their parents. These forms were given to the children to take home right after blood sampling on them was completed at the schools. Completed forms were then brought back to the schools by the children.
For those parents who did not return the survey forms, they were further contacted by telephone. When they could not be contacted, home visits were made to obtain the information from them. Table 1 shows the concentration of respirable lead particulate which are particulate of 10 Jlm or less in diameter, for the three study areas. The results clearly indicate that Kuala Lumpur exhibits the highest respirable lead concentration, followed by Kemaman and Setiu. Differences in respirable lead concentration between the three study areas were found to be statistically significant. Therefore, it can be deduced that Kuala Lumpur may represent a high lead-polluted area, while Kemaman represents a moderate lead-polluted area, and Setiu represents a low lead-polluted area. Figure I indicates, the blood lead levels of the primary school children are log-normally distributed, and thus, the logarithm of blood lead data was used in all subsequent statistical analysis of the blood lead data, except for the correlation analysis shown in Figure 2 . Table 3 gives the blood lead levels of the primary school children by study areas. The mean blood lead level of the sampled school children was 4.03 pg/dL. As expected, the blood lead level was highest for the Kuala Lumpur school children (5.26 pg/dL), followed by the school children in Kemaman (2.81 1 pg/dL) and Setiu (2.49 pg/dL). Through the ANOVA test, the difference in the mean blood lead levels of school children from the three study areas was found to be statistically significant. As shown in Table 4 , the percentage of school children with blood lead level of 10 pg/dL or greater is 6.36 %, with Kuala Lumpur having the highest percentage ( 11.73 %). Table 5 gives the blood lead levels of the school children by sex, which shows that males have a slightly higher level. However, this difference between the sexes was not found to be statistically significant. The difference in blood lead levels by age was however found to be statistically significant as indicated in Table 6 , which shows blood lead levels decreasing from seven to ten year olds, and then increasing slightly for the 11 year olds. Tables 7 and 8 give the results from a logistic regression analysis, whereby the dependent variable is excessive z 10 pg/dL) or acceptable (< 10 pg/dL) blood lead level, while the independent variables are exposure (Kuala Lumpur vs. Kemaman and Setiu; and Kuala Lumpur vs. Kemaman), age, sex, father's education, mother's education and household income. The objective of this logistic regression analysis is to see whether the exposure variable is a significant risk factor for excessive blood lead level among the school children, after controlling for the other mentioned confounding variables. As the odds ratio in where, male is 1, rural locale (Setiu) is 1 and semi-urban local (Kemaman) is 2. Figure 2 shows the results of a correlation and regression analysis between respirable atmospheric lead concentrations and blood lead levels.
Results
A high and statistically significant correlation (r=0.999, p=0.021 ) was shown to exist between the two variables, even though only three data points were used, indicating that blood lead levels in the three study areas may still be very much influenced by atmospheric lead concentrations. The regression formula is given as Blood Lead (pg/dL) = 1992, and the reduction of lead content of leaded gasoline from 0.84 g/L in 1982 to 0.15 g/L in 1994. The fact that Malaysian children have between four to five times lower blood lead levels that those in the other two studies is comprehensible, as the study by Wilson et all was conducted on children residing in a lead smelting town, while the study by Munoz et al'4 was in Mexico City, which is a mega city known for its moderate to heavy atmospheric lead pollution based on the World Health Organization annual lead guideline of 1 Jlg/m3 (15) . A reduction in the blood lead of urban pregnant women in Malaysia from a high mean of 17.3 pg/dL in 1982 to a lower mean of 7.71 1 pg/dL in 1996 has been reported by Jamal et aP.
Even though the mean blood lead level of Malaysian school children is relatively low in comparison to other regions of the world, this study clearly indicates that the mean blood lead levels vary significantly from a high mean of 5.26 [tg/dL for an urban area (Kuala Lumpur), to a moderate mean of 2.81 1 pg/dL for a semi-urban area (Kemaman), to a low mean of 2.49 [tg/ Lumpur school children are excessively exposed to environmental lead in comparison to other localities in Malaysia.
Using logistic regression analysis and controlling for selected confounding socio-economic variables for blood lead, it was shown that Kuala Lumpur's children have a 25 times greater risk of having excessive blood lead levels of 10 pg/dL or greater when compared to Kemaman's and Setiu's children combined, and a 15 times greater risk when compared to Kemaman's children only. The GLM analysis further indicates that the blood lead level of the children decreases with increases in child's age, parents' education and income level and, is higher in males and lower for rural and semi-urban locales. The results of both regression analyses are consistent in indicating that the exposure factor, namely urban versus semiurban versus rural locales, is the most significant determinant of children's blood lead level.
These regression analyses results suggest that the excess risk of lead exposure among urban children in Malaysia may be significantly reduced to a level closer to that of the rural children, if we can identify the major environmental sources of lead for these children, whether they are from the atmosphere, dust, foods, water, cookwares, paints from debilitated houses, toys, utensils or consumer products. This study has shown that respirable lead is presently highest in Kuala Lumpur, in comparison with Kemaman and Setiu.
Other studies have shown that other probable sources of environmental lead for Malaysians are foods8, 16 . The GLM analysis also indicates that poor socioeconomic status such as parents' education level and family's income may be associated with higher children's blood lead level. This is most likely because children from the lower socioeconomic group tend to be more malnourished and lacking in calcium and iron in their diet which can lead to higher lead absorption. These children may also be exposed to lead in paints from debilitated homes. This is not studied here.
The study also seemed to indicate a probable correlation between respirable atmospheric lead concentrations and blood lead levels. A review by Chamberlain' suggested that the relationship between blood lead and air lead to be non-linear, especially when exposures to relatively high air lead levels are included, as in cases of industrial exposures. In this study, the relationship was found to be linear. However, the exposure investigated in this study was only to respirable and not to total lead, and the exposure levels were in the very low range of 8 to 116 ng/m3. According to Chamberlain', the curve may be nearly linear up to some value of blood lead but curvilinear thereafter. Among the limitations of this study are the limited number of purposely selected study areas which may not be very representative of the whole country, the study is only limited to the Malay ethnic group, and it does not include toddlers who are normally the group of children who are most vulnerable to environmental lead exposure.
This study only suggests that the higher levels of respirable lead found in urban areas may contribute significantly to the blood lead levels in children.
However, the nature of this correlation is unclear as the respirable atmospheric lead data is only limited to three study areas. Nevertheless, the data from this study may contribute towards a national database needed to look into the relationship between atmospheric lead and blood lead.
In conclusion, even though the mean blood lead level of Malaysian school children is relatively moderate in comparison with those from a few other countries, this study indicates that almost 12 % of urban school children still experience elevated blood lead levels, and are almost 25 times at higher risk of experiencing this when compared to their non-urban counterparts. It is also time that lead in the Malaysian environment and population be monitored closely, especially its temporal and spatial variability. Only then can a comprehensive preventive strategy be implemented.
